Butterflies of the neotropical Genus Heliconius feed on pollen. This is the first known instance in butterflies of a habit that is well known for other insects. The butterflies remove amino acids and proteins from pollen; this feeding innovation plays a role in the reproductive and population biology of these insects. It is suggested that other animals may use pollen in a similar fashion.
Numerous lines of evidence indicate that pollen is collected for its nutritive value and not picked up as an indirect result of nectar visits.
(1) There is a distinctive pollen-collecting behavior. [Heliconius erato gatherinig pollen in the insectary have been observed to remain at a single floret of Lantana camara for as long as 10 min, whereas nectar visits typically last no more than 3 sec. During pollen visits, the butterfly repeatedly scrapes its proboscis tip over the anthers with short jerky thrusts and rarely thrusts deep into the corolla for nectar.
(2) Other species of butterfly do not accumulate pollen loads even when visiting those flowers that provide pollen for a number of Heliconius species. For example, during a study (December 1969-December 1970) at Arima Pass, Trinidad, W.I., Heliconius ethilla frequently collected easily visible pollen loads from Palicorea crocea (Rubiaceae), whereas Parides spp., the only other common butterfly visitors to these flowers, did not collect pollen. In an insectary at The University of Texas at Austin, Dryas julia and Eueides isabella (both nonpollen feeding heliconiines), and Heliconius erato all visit Lantana camara but only H. erato builds pollen loads.
Pollen loads similar to that in Fig. 1 have been observed in the following species of Heliconius: erato, melpomene, charitonia, clysonimus, sara, hecale, ethilla, doris, ismenius, sapho, wallacei, cydno, pachinus, and hewitsoni. Eueides, a genus often lumped with Heliconius, does not contain pollengathering species. The same is true for the remaining six genera of heliconiines and all other New World groups examined.
(3) There exists an elaborate pollen processing behavior that begins with the formation of a dry mass on the ventral side of the proboscis near the head. Next, a clear liquid (probably nectar) is exuded from the proboscis tip and is mixed with the pollen. Subsequently, the wet pollen load is agitated for several hours through a coiling and uncoiling of the proboscis.
(4) Morphological features of the proboscis correlate with the functions described above. Papillae on the proboscis tip ( Fig.  2A) probably act as chemo-mechano receptors in addition to functioning together as a pollen brush. Some insects that do not feed on pollen such as Papilio and Danaus lack these papillae entirely (Fig. 2C) , while in others (such as numerous nymphalille genera) papillae are oriented differently and are grouped differently so as to serve a different function (L. Gilbert, unpublished observations). Large mechano-receptor hairs near the head may provide feedback concerning the pollen load shape and size (Fig. 2B) . These hairs are less developed in all species examined that do not feed on pollen. Blood-feeding moths have evolved similar morphological features that correlate with the feeding habit (4). Because of this feature of pollen physiology, ingestion and/ or enzymatic digestion are niot required for the butterfly to be able to remove these compounds. Indeed, when wet pollen loads were removed from insectary Heliconius and their proteins were analyzed by electrophoresis, it was found that they contained pollen enzymes only; no butterfly gut enzymes were detected. [Pollen loads were immediately suspended in chilled 15% sucrose solution and centrifuged. Proteins of supernatant were separated by electrophoresis on discontinuous acrylamide gels (EC Apparatus Corp., Philadelphia, Pa., Technical Bulletin no. 140), which were stained for leucine amino peptidase (EC 3.4.1.1) and nonspecific esterases. Likewise crop and gut content of the butterflies were assayed for the same enzymes.] (7) To see if amino acids ingested by adult Heliconius were directly involved in egg production, I ran the following experiment: Each day for 8 days, 15 H. erato females were fed a sufficient amount of ['4C]aminoacids to approximate the intake of those amino acids in maximum daily pollen loads [under field conditions (1.5 mg)]; assuming a 2-hr inicubationi period. After 2 hr of incubation, 1 mg of germinating pollen will have released 3.3, 3.3, 4.4, and 6.0 nmol of arginine, leucine, lysine, and valine, respectively (6).
Eggs were collected for 6 days before, and 8 days after the 8-day period during which label was administered. Each day's egg production was treated with weak chlorox solution to remove accessory gland protein and chlorion, homogenized in scintillation fluid (Aquasol, New England Nuclear Corp.), and counted. The results plotted as average counts per min per egg against days, indicate that uptake of free amino acids into developing eggs is rapid and striking (Fig. 3) . This is not unexpected in insects, such as mainy Heliconius species, which produce mature eggs from tiny oocytes in just a few days. For instance, at any given time, each ovariole of H. erato contains 6-7 visible oocytes, the largest of which will mature into a large 0.50-to 0.65-mg egg within a day, the smallest of which is about 80 Am in diameter.
It is of interest to point out here that lepidopterans are known to transfer injected foreign protein unchanged from the hemolymph into developing eggs by pinocytosis (7), suggesting that free amino acids would be removed in proportion to their concentration in the hemolymph. (8) would not require that a male's (laily spermatophore production be the energetic equivalent of a female's egg production for equal Darwinian fitness. 'T'his suggestion is supported by the fact that females consistently carry the largest pollen loads (see Fig. 1 Because a resource collected by the mobile adult is important in extending the life span as well as sustaining optimal rates of reproduction by Heliconius, the amount and distribution of this resource in space and time is an important key to understanidinig the structure and dyniamics of Heliconius populationis (8) as well as certain aspects of heliconiine comniuiity structure and evolutionary diversification. Judginig from the observationi that pollen feeding is restricted to the single genus Heliconius, and from the apparent ubiquity of the habit in the genus, this innovationi in adult feeding may have been the decisive step in the divergence of this group from primitive heliconiine stock.
Moreover, the development of pollen feeding in an insect unable to chew or ingest polleni increases the probability that the plants inivolved will be able to take the first coevolutionary step leading to mutualistic relations with the insect. Some of the planits known to be involved in such relationships with Heliconius (L. Gilbert, unpublished), are summarized here: Anquria triphylla, A. umbrosa, Gurania spinulosa, (all Cucurbitaceae), Palicourea. crocea, Cephaelis tormentosa, (both Rubiaceae), Trinidad; A. warcewiczii, A. sp., Gurania levyana, Cephaelis tormentosa, Costa Rica; A. warcewiczii, Panama; and numerous related plant species throughout the tropics of the New World. These plants, all of which p)rovide polleni at a limited but steady rate throughout the year, are importaint factors in making Heliconius a year arounld feature of most neotropical forests; and as these p)lalits increase the predictability an-d stability of the habitat for the butterfly, the butterfly as pollinating agent, becomes an important arid predictable resource for the plan-ts. Details of evidence for mutualism between Ileliconius and their pollen planits will be reported elsewhere.
